Background: An in vivo comparative evaluation to determine the accuracy of working length between radiographic and electronic apex locators. Aim: The study was aimed at evaluating the accuracy of electronic apex locator, to determine the working length of root canal, and to compare it with the radiographic method of working length determination. Materials and Methods:A total of 20 teeth selected for the study had to go for extraction because of periodontal or orthodontic reasons. Access cavity was prepared and the clinical estimated working length (CEWL) was determined with 10-25 no. K-file. A radiograph was then taken for determining the radiographic estimated working length (REWL). For electronic measurement of root canal, a 10 no. K-file was advanced toward the apex until it reached a 0.5 mm short of apex as shown by the apex locator. After fixing the file with a light cured composite, the tooth was extracted, the tooth surface was then longitudinally grounded using straight fissure diamond bur until the root canal and the tip of the file were visible. The distance of file from the minor constriction was measured with help of stereomicroscope. Statistical analysis: The chi-square test was used for statistical analysis for this study.
Various investigators have concluded that the most favorable prognosis was obtained when the procedure were terminated at the minor constriction and the worst prognosis when it extends beyond the minor constriction. [1] [2] [3] It is impossible on the radiograph to detect the major and minor foramina or cemento-dentinal junction. [4] [5] [6] Although radiograph is routinely used to determine the working length, it has limitations as the apical foramen and apical constriction are usually not visualized in the radiograph;, [7] moreover, the position of the major apical foramen does not coincide with the root apex and may be located up to 2 mm away. [8] [9] [10] Various other studies have also stated that the distance between the apical foramen and apical constriction may vary by 1 mm or more. [11, 12] New instruments and equipment have since been developed to overcome the problem of determining accurate working length. Suzuki, in 1942, reported that the electric resistance between the periodontal ligament and oral mucosa was a One of the most important steps of endodontic therapy is the determination of accurate working length, which is the distance from the coronal reference point to the point at which the canal preparation and obturation should terminate. Proper cleaning, shaping, and obturation of root canal are possible once the accurate working length is determined. constant value of 6.5 kΩ; however, it was in 1962 Sunada proposed the electric method of determining the apical foramen.
The advent of modern equipments has made work easier and less fatigue to patients and operators. In the new era, the electronic apex locator shows a promising future when used for the determination of accurate working length. Various generations of apical locator were developed for better accuracy, the latest being the fifth generation apex locator (Propex II, Dentsply), which is a multifrequencybased apex locator.
This study was carried out to evaluate the accuracy of electronic apex locator (Propex II, Dentsply) in determining the working length of root canal and comparing it with the radiographic method of working length determination.
MATERIALS AND METHODS
A total of 20 patients were selected from the outpatient department of D.A.V. (C) Dental College and Hospital, Yamuna Nagar, Haryana (India). The patients selected for the study included 11 males and 9 females, aged between 25 and 55 years old. The study included those teeth that had to go for extraction because of periodontal or orthodontic reasons; moreover, the teeth that were selected for the study had: The patient's consent was taken before the start of the study from each patient. The nature of the procedure and the discomfort involved were fully explained. Complete medical and dental history was obtained.
A preoperative periapical radiograph (Kodak, dental intra oral E-speed film) was taken with 65 kV, 8 mA (Gnathus, Japan). Local anesthesia (Lignox 2%, Indoco Remedies Ltd.) was administered and access cavity prepared using straight fissure diamond bur in a high speed contrangle hand piece under water spray.
The root canals were irrigated with 2.5% sodium hypochlorite solution and excess of irrigant was removed from the pulp chamber with the help of cotton pellet, without drying the root canal. The clinical estimated working length (CEWL) was determined with 10-25 no. K-file (Mani, Japan) depending upon the size of the canal. A radiograph was then taken keeping the file at the same CEWL for determining the radiographic estimated working length (REWL). The working length was then adjusted, and another radiograph was taken for determining the operator-adjusted radiographic working length (OPARWL), 0.5 mm short of apex was considered as accurate. Propex II (Dentsply) was used for electronic measurement of root canal. The lip clip (contrary electrode) was placed in the corner of the patients' mouth, and the file holder was attached onto the shaft of the file. The apical foramen was located by advancing a 10 no. K-file toward the apex. The file insertion was stopped when the meter flashed and an audible signal indicated that the foramen has been reached (0.5 mm marking just before the apex was selected for termination). The light cured composite (Charisma, Germany) was used to fix the file at the measured working length. The file handle and the exposed shaft were separated using a high speed handpiece. The Propex II electrode was again placed against the residual shaft of the file to verify that the meter recording had not changed. The tooth was then extracted, cleaned, and the apical foramen was marked with permanent ink with the help of operating microscope (Denfort International, India). The tooth surface was longitudinally ground using straight fissure diamond bur until the root canal and the tip of the file were visible.
The distance between the coronal reference point and the apical constriction was measured with stereomicroscope (Almicor zoom stereoscopic binocular microscope, India) as shown in Figures 1 and 2 . Thus, the actual anatomic working length (i.e. from the coronal reference points to minor constriction) and electronic estimated working length (using Propex II) were determined as shown in Tables 1 and 2 .
Statistical analysis
The c 2 -square test was used for statistical analysis in this study.
RESULTS
The electronic method as shown in Table 3 showed highest number of cases of 75% accuracy of working length at the minor constrictor, 20% short, and 5% beyond the minor constrictor, whereas the CEWL as shown in Table  2 showed 25% accuracy of working length at the minor constrictor, 45% short, and 30% beyond the minor constrictor. The least accuracy of working length was observed with operative adjusted working length using the radiographic method, in which only 10% accuracy of working length at the minor constrictor, 45% short, and 45% beyond the minor constrictor. The c 2 -test where c 2 = 21.034 with P = 0.000 as shown in Table 4 indicated that a significant difference exists among the groups, since the P value is less than 0.01.
DISCUSSION
Working length is defined in the Endodontic Glossary as "the distance from the coronal reference point to the point at which canal preparation and obturation should terminate." The minor constriction or apical constriction (minor apical diameter) is the apical portion of the root canal having the narrowest diameter.
An accurate working length determination is a critical factor in the success of root canal treatment. Studies by Stavrianos et al., [13] have shown that the latest generation electronic apex locator would accurately determine the working length from 75% to 96.5% of the root canal with mature apex. Our study corresponds with their study, and found the accuracy of electronic apex locator to be around 75% when measured at the minor constrictor and the accuracy increased to 90% when the working length was considered at or 0.5 mm short of minor constrictor.
The accuracy when using the radiographic method was least with 10% when considering 0.5 mm short of apex and accuracy increased to 45% when the working length was considered at or 0.5 mm short of the minor constrictor. In this study, the CEWL taken by the operator showed 25% accuracy at the minor constrictor and when considering 0.5 mm short of the minor constrictor the accuracy increased to 60% thereby showing more accuracy than the OPARWL taken by the operator using a radiographic method of working length determinations.
The frequency of OPARWL measurement that passed beyond the minor constrictor was 45% where as the CEWL showed 30% over instrumentation, which was less than the OPAWL taken by the radiographic method, this may be because the operator tends to adjust the working length as per the radiographic apex; moreover, studies by Kuttler [8] have observed that the apex and apical foramen coincide only in less than 50% of cases and are located short of apex on the facial and lingual aspects of the root, resulting in over instrumentation, thus limiting the use of radiography Only 5% showed over instrumentation when using the electronic apex locator (electronic estimated working length, EEWL) this may be due to the error of reading using proper II.
Radiography provides vital information of the root canal anatomy, its size, canal curvature, and the number of roots; it provides information of exit of the root canal from the floor of the chamber. However, there are certain disadvantages of radiographs as it only provides a two-dimensional image of a three-dimensional structure, and it is difficult to locate the exact location of the apical foramen; moreover, it was impossible to detect the major or minor foramina or the cemento-dentinal junction; [14, 15] It provides little or no information of the curvature of the root in the plane of the film. Moreover, at times it becomes difficult to visualize root canal files because of dense bone and anatomical structures like zygomatic process.
The apex locators have certain disadvantages such as inaccurate length measurement because of dentinal debris, calcifications, and lack of patency; moreover, the presence of intact vital tissue, inflammatory exudate, and blood can conduct electric current giving inaccurate readings. Shortcircuiting of the apex locator can occur because of metallic restorations, caries, saliva, and instruments in the second canal. In spite of all these, apex locators reduce the number of radiographs required, have minimum exposure and more accurate determination of working length and are useful in pregnant patients; they are also useful in patients with gag reflex and in cases where exposure and interpretation with radiographs become technique-sensitive.
CONCLUSION
Our study concludes that the electronic apex locator to be more accurate than the radiographic method. However, it is important to combine and take the advantage of both the electronic and radiographic methods to achieve more accurate results in determining the working length of root canal. 
